Functional characterization of sodium channel blockers by membrane potential measurements in cerebellar neurons: prediction of compound preference for the open/inactivated state.
Voltage-gated sodium channel (VGSC) blockers are widely used in the therapy, but most currently available blockers have suboptimal profile. However, discovery of new drug candidates has been hampered by the lack of appropriate in vitro assays. We established a fluorometric, plate reader-based membrane potential assay for testing the inhibitory potency of various VGSC blocking drugs, using primary cultures of cerebellar neurons, and veratridine, as activator of VGSCs. Since inhibition was strongly dependent on the depolarizing effect of veratridine, the EC(80) value of veratridine was determined on each experimental day, and this concentration was used for drug testing. This strict control on agonist effect seems to improve the reliability of the dose-inhibition measurements with antagonists. Veratridine responses could be completely inhibited by tetrodotoxin (TTX, IC(50)=17 nM), consistent with the exclusive expression of TTX-sensitive VGSCs. A variety of compounds known to block sodium channels inhibited veratridine-induced membrane depolarization concentration-dependently. Furthermore, inhibitory potencies of drugs strongly depended on whether their administration preceded or followed veratridine application. Potency of lamotrigine, carbamazepine, phenytoin and lidocaine was approximately 10-fold higher when applied after a steady-state depolarization had been achieved by a supramaximal veratridine dose, compared with those from a different protocol, where cells were preincubated with the antagonists prior to veratridine application. On the contrary, there was only relatively small difference between the IC(50) values of GBR 12909 obtained from the two different protocols (0.51 microM versus 1.23 microM). In contrast with most sodium channel blockers, this compound lacks binding preference to inactivated channels. We suggest that comparison of the results obtained with a particular blocker in the pretreatment and post-treatment schedules may be suitable for drawing conclusions regarding the state-dependency of its action. Thus, relevant information can be obtained about the potential therapeutic utility of different drugs by applying non-electrophysiological methods.